Simultaneous infections with different Legionella spp. have rarely been described in the literature. We now report on seven sporadic cases of legionellosis of which three were simultaneous infections caused by multiple Legionella Simultaneous infections with Legionella spp. have rarely been reported (6, 10, 14, 15), though it was clear from environmental investigations that water sources, lakes, and ponds harbor different Legionella spp. which coexist in these aquatic habitats (1, 9, 13, 18, 20) . Evidence for the existence of such simultaneous infections was reported mainly from earlier serological work (6, 10, 14, 15) . Such studies are difficult to perform because of the low frequency of cultural isolates and the fact that the cultural appearance of organisms rarely indicates the presence of one or more Legionella spp. To reduce the difficulties associated with serological species identification, such as cross-reactivity (4, 19, 22), we have used both classical identification techniques and, for the first time, a spectroscopic procedure (11, 16) for species and strain differentiation of Legionella isolates. Here, we report on three cases of sporadic Legionella simultaneous infections, using both the classical and infrared-spectroscopic methods for Legionella identification.
Simultaneous infections with Legionella spp. have rarely been reported (6, 10, 14, 15) , though it was clear from environmental investigations that water sources, lakes, and ponds harbor different Legionella spp. which coexist in these aquatic habitats (1, 9, 13, 18, 20) . Evidence for the existence of such simultaneous infections was reported mainly from earlier serological work (6, 10, 14, 15) . Such studies are difficult to perform because of the low frequency of cultural isolates and the fact that the cultural appearance of organisms rarely indicates the presence of one or more Legionella spp. To reduce the difficulties associated with serological species identification, such as cross-reactivity (4, 19, 22) , we have used both classical identification techniques and, for the first time, a spectroscopic procedure (11, 16) for species and strain differentiation of Legionella isolates. Here, we report on three cases of sporadic Legionella simultaneous infections, using both the classical and infrared-spectroscopic methods for Legionella identification.
MATERIALS AND METHODS
Clinical specimens. Lung tissue specimens were obtained from different hospitals in Berlin and were homogenized and diluted (1:100) in both phosphate-buffered saline (pH 7.2) and acid buffer (pH 2.2) (2). The dilution with acid buffer was incubated for 5 min at room temperature before inoculation. The different media were then inoculated with 0.1 ml of each of the respective dilutions. Tracheal and bronchial washings were streaked directly and at a dilution of 1:10 in acid buffer (2) onto the same media. Plates were incubated at 35°C in a humid chamber for 10 days.
To recognize different colonial isolates, 10 to 20 colonies of each specimen were routinely picked from the plates and subcultured to obtain pure cultures. Subsequently the pure cultures were plated onto BCYE oa agar (7) with and without L-cysteine and on blood agar. Differences in colony morphology on the primary culture plate were usually first observed by stereomicroscopy (Stereomikroskop DV.4, Fa. Table 1 lists the patients (A through G) and the diagnostic data of the cases under study. All Legionella isolates depended on L-cysteine and showed growth on BCYE a. but not on blood agar. They gave a negative oxidase reaction, but tests for catalase, "-lactamase, and fluorescence in UV light were positive. Only some of the strains hydrolyzed hippuric acid.
When individual L. pneumophila isolates were studied by using serogroup-specific Legionella antisera, distinct differences in fluorescence were found for individual isolates (Table 2 ). These findings were more pronounced when the SAT was applied with pooled sera (pools C and D; see Materials and Methods). The DFA and SAT provided further evidence for the possible coexistence of different legionellae in the specimens from individual patients.
From the lung tissue of patient B (Table 1) , four different Legionella isolates (B 1 to B 4) were obtained ( Table 2) . (15) . Additionally, two cases of simultaneous infections due to L. pneumophila and L. micdadei were described (6, 10) together with a case that revealed simultaneous infections with L. pneumophila serogroups 1 and 4 (14) . This is surprising, since environmental studies have shown that the sources of infections associated with outbreaks often contain more than one Legionella species (13, 18) .
There is little opportunity in routine diagnostic procedures to observe a mixed Legionella infection in the patient since neither DFA nor antibody titer determinations (22) (11, 16) . Here, for the first time, the new technique was applied to further sustain our observation that different Legionella strains were isolated from one source of infection.
However, the use of FTIR for routine species and type identification of legionellae needs further investigation by using statistically significant numbers of Legionella strains and the improvement of experimental conditions to increase the level of reproducibility. Thus, the application of the FTIR technique described here may be regarded as a preliminary approach to Legionella strain identification confirmed primarily by conventional techniques.
Interestingly, reinvestigation of seven specimens from culture-proven cases revealed three simultaneous infections. All specimens were obtained from sporadic, unrelated cases at different times and from different hospitals. Together with the findings of other groups (6, 10, 14, 15) , our data suggest that Legionella species grown from patient specimens by routine culture probably constitute a mixture of different Legionella serogroups and types more often than is presently recognized. It is not yet clear whether the presence of different Legionella species at the same time in one patient is of relevance in pathogenicity. It is also unknown whether the coexistence of different legionellae at the site of infection may cause problems with regard to antibiotic treatment because of differences iii sensitivity and hence contribute to Legionella persistence and relapse of disease. More work has to be done to define precisely the frequency of simultaneous infections in legionellosis, which seems to be greater than is currently reported. 
